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(54) Device and method for display control, and the like 



(57) A display control device permits a display 
screen to display predetermined image infonnation. The 
display control device comprises: a detecting device (3) 
which receives a signal having a display adjustnrient sig- 
nal superimposed thereon, samples a plurality of por- 
tions from the display adjustment signals, and detects 
optimum timing based on a plurality of sampled values. 



the display adjustment signal being used for adjusting 
the timing of display of each pixel of the image informa- 
tion, the display adjustment signal being superimposed 
upon the signal on a horizontal scanning line in a signal 
portion corresponding to a region outside the display 
screen; and an adjusting device (4) which adjusts the 
timing of display of each pixel in accordance with the 
detected optimum timing. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to the technical field of a 
display control device and method, and the lil<e which 
permit a display screen to display predetermined image 
information. 

Description of the Related Art 

[0002] Recently, a display part such as a monitor or a 
display has displayed an image (or a picture) with higher ^5 
definition. The approach of making the number of dis- 
play pixels of the display part equal to the number of 
pixels of an Image signal having image information is 
adopted as one approach for making full use of display 
capabilities of the display part For example, a naviga- 20 
tion system includes a graphics part which outputs an 
image signal having map image information in accord- 
ance with the number of display pixels of the display part 
so that the number of pixels of the image signal is equal 
to the number of display pixels of the display part, 25 
whereby the navigation system provides a clear {or 
sharp) image (or picture). 

[0003] However, the problem of a blurred image ap- 
pearing arises when there is a time lag between the tim- 
ing of output of an image signal from the graphics part 3( 
and the timing of display of each pixel on the display 
part. Thus, an operator almost alone has heretofore per- 
formed timing adjustment by manually changing the tim- 
ing of display of each pixel or the like, while viewing an 
image displayed on the display part. ^ 
[0004] Japanese Paten Application Laid-Open No. 
2000-122621 discloses a display device capable of 
matching the timing of display of each pixel on a display 
part to a display clock signal for regulating the timing of 
display of each pixel, thereby preventing an image from < 
bleeding or becoming blun-ed. Specifically, the display 
device includes a picture generator which outputs a pic- 
ture signal, in which a fine horizontal adjustment signal 
for regulating the timing of display of each pixel of a dis- 
play picture is superimposed on a predetermined hori- ' 
zontal scanning line within a vertical retrace interval cor- 
responding to an out-of-frame region which lies outside 
a display screen of the display part and does not con- 
tribute to the display picture. A comparison is made be- 
tween a reference voltage and a portion at or near the 
peak value of the fine horizontal adjustment signal (e. 
g., a non-square wave) .that is, a threshold is taken. The 
signal is sub] ected to wavefomi shaping, and the result- 
ing signal is outputted to act as a HIGH signal. The tim- 
ing of the display clock signal is adjusted in accordance 
with the timing of the HIGH signal. 
[0005] However, the above-mentioned conventional 
display device has the problemof failing to detectthefine 



horizontal adj ustment signal when the signal does not 
go above a threshold level due to a decrease in signal- 
level or the like, because the display device is designed 
to take a threshold for detecting a portion at or near the 
peak value of the fine horizontal adj ustment signal. On 
the other hand, a low threshold level leads to the prob- 
lem of causing a time lag in the peak value of the fine 
horizontal adjustment signal and thus causing a time lag 
in the timing of display of each pixel. When the fine hor- 
izontal adjustment signal for superimposition is not un- 
der strict control, the following problem arises: there is 
a time lag relative to the threshold level, and thus there 
is a time lag in the timing of display of each pixel. 
[0006] These problems arise, for example when a sig- 
nal delay develops under the influence of the length of 
a transmission line (e.g., when there is a long extended 
cable between the graphics part and the display part) or 
when the transmission line has poor frequency charac- 
teristics. 

SUMMARY OF THE INVENTION 

[0007] The invention is designed to overcome one of 
the foregoing problems. It is an object of the invention 
to provide a display control device and method and the 
like capable of adjusting the timing of display of each 
pixel with greater precision, thereby displaying a clearer 
image. 

[0008] The invention of claim 1 relates to a display 
control device whteh penmlts a display screen to display 
predetermined image information, comprising: 

a detecting device which receives a signal having a 
display adjustment signal superimposed thereon, 
samples a plurality of portions from the display ad- 
justment signals, and detects optimum timing 
based on a plurality of sampled values, the display 
adjustment signal being used for adjusting the tim- 
ing of display of each pixel of the image information, 
the display adjustment signal being superimposed 
upon the signal on a horizontal scanning line in a 
signal portion corresponding to a region outside the 
display screen; and 

an adjusting device which adjusts the timing of dis- 
play of each pixel in accordance with the detected 
optimum timing. 

[0009] The invention of claim 22 relates to a display 
control method which pemiits a display screento display 
predetemnined image information, comprising: 

a detecting process which receives a signal having 
a display adjustment signal superimposed thereon, 
samples at least one portion from the display ad- 
justment signal, and detects optimum timing based 
on the sampled value, the display adjustment signal 
being used for adjusting the timing of display of 
each pixel of the image infomnation, the display ad- 
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justment signal being superimposed upon the sig- 
nal on a horizontal scanning line in a signal portion 
corresponding to a region outside the display 
screen; and 

an adjusting process which adjusts the timing s 
of display of each pixel in accordance with ttie de- 
tected optimum timing. 

[001 0] The invention of claim 23 relates to a recording 
medium which records a computer-readable display 
control program which runs on a computer which per- 
mits a display screen to display predetermined image 
information, 

the display control program which permits the 
computer to execute a display control method compris- 
ing: 

a detecting process which receives a signal having 
a display adjustment signal superimposed thereon, 
samples at least one portion from the display ad- 
justment signal, and detects optimum timing based 
on the sampled value, the display adj ustment sig- 
nal being used for adjusting the timing of display of 
each pixel of the image information, the display ad- 
justment signal being superimposed upon the sig- 
nal on a horizontal scanning line in a signal portion 
corresponding to a region outside the display 
screen; and 

an adjusting process which adjusts the timing of dis- 
play of each pixel in accordance with the detected 
optimum timing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

FIG. 1 is a schematic block diagram showing an ex- 
ample of a display control device included In a car 
navigation system according to a first embodiment 
of the invention; 

FIG. 2 is a conceptual illustration showing the rela- 
tion between regions inside and outside a display 
screen of a display part 5 and an image signal (e. 
g., an R-component image signal); 
FIG. 3 is a flowchart showing the flow of processing 
which a display control device SX1 perfomns; 
FIG. 4 is an illustration showing an example of the 
sampling timing and the optimum timing of a display 
adjustment signal for use in an example 1 ; 
FIGs. 5A to 5D are conceptual illustrations showing 
an example of the relation between the phases of 
an image signal and a clocl< signal for use in the 
example 1 ; 

FIG. 6 is an illustration showing an example of the 
sampling timing and the optimum timing of a display 
adjustment signal for use in an example 2; 
FIGs. 7A to 7D are conceptual illustrations showing 
an example of the relation between the phases of 



an image signal and a clock signal for use in the 
example 2; 

FIG. 8 is an illustration showing an example of the 
sampling timing and the optimum timing of a display 
adjustment signal for use in an example 3; 
FIG. 9 is an illustration showing another example of 
the sampling timing and the optimum timing of the 
display adjustment signal for use in the example 3; 
FIG. 1 0 is an illustration showing an example of the 
sampling timing and the optimum timing of a display 
adjustment signal for use in an example 4; 
FIG. 11 is an illustration showing another example 
of the sampling timing and the optimum timing of 
the display adjustment signal for use in the example 
4; 

FIG. 12 is a schematic block diagram showing an 
example of a display control device included in a 
car navigation system according to a second em- 
bodiment of the invention; and 
FIG. 13 is a flowchart showing the flow of process- 
ing which a display control device SX2 performs. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Preferred embodiments of the invention will be 
described below with reference to the accompanying 
drawings. Incidentally, the embodiments mentioned be- 
low are the embodiments of the invention as applied to 
a car navigation system. 

First embodiment 

[0013] Firstly, the description is given with reference 
to FIG. 1 and other drawings with regard to the config- 
uration and functions of a display control device includ- 
ed in a car navigation system according to a first em- 
bodiment of the invention. 

[0014] FIG. 1 fs a schematic block diagram showing 
an example of the display control device included in the 
car navigation system according to the first embodi- 
ment. 

[0015] As shown in FIG. 1, a display control device 
8X1 according to the first embodiment includes a graph- 
ics part 1 which acts as an example of a display adj ust- 
ment signal superimposing device, an image (or picture) 
processor 2, a detection/decision part 3 which acts as 
an example of a detecting device, a display controller 4 
having a timing adjustment part 4a which acts as an ex- 
ample of an adjusting device, and a display part 5 such 
as a liquid crystal display. 

[0016] Incidentally, the car navigation system in- 
cludes a GPS (Global Positioning System) receiver 
which receives radio waves sent from a GPS satellite 
and detects current position informalion (e.g., latitude 
and longitude); a sensor part including a speed sensor, 
an accelerometer, a gyro-sensor, and the like; an oper- 
ating part which accepts an operation command from a 
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driver or the like; a storage part which stores various 
types of information such as map information; and a 
controller which performs known navigation (such as 
routing or map matching) based on detection informa- 
tion detected by the GPS receiver and the sensor part 
and driver's or other command infomiation accepted by 
the operating part, although these parts are not shown. 
[001 7] The graphics part 1 generates a signal for dis- 
playing image (or picture) information (i.e., Image infor- 
mation to be displayed on a display screen of the display 
parts) containing map information under the command 
of the controller of the car navigation system, such as 
an image (or picture) signal corresponding to each of 
RGB color components. When generating the image 
signals, the graphics part 1 superimposes a display ad- 
justment signal (e.g., a square-wave signal) for adjust- 
ing the timing of display of each pixel of the image infor- 
mation upon, for example, the R-component image sig- 
nal on a horizontal scanning line in a signal portion which 
corresponds to a region outside the display screen of 
the display part 5 and also corresponds to a region ca- 
pable of displaying the image information. 
[001 8] The description is now given with regard to the 
relation between the regions inside and outside the dis- 
play screen of the display part 5 and the image signal. 
[0019] FIG. 2 Is a conceptual Illustration showing an 
example of the relation between the regions inside and 
outside the display screen of the display part 5 and the 
image signal (e.g., the R-component image signal). In 
FIG. 2, there are shown a signal area 53, an available- 
for-graphics area 52, and an effective display area 51 . 
The signal area 53 contains the available-for-graphics 
area 52 and the effective display area 51 , and the avail- 
able-for-graphics area 52 contains the effective display 
area 51 . 

[0020] The effective display area 51 is the region 
which corresponds to the display screen region of the 
display part 5 and actually displays image infomiation. 
[0021] The available-for-graphics area 52 is the re- 
gion capable of displaying image information. Specifi- 
cally, a region lying both outside the effective display ar- 
ea 51 and inside the available-for-graphics area 52 does 
not display image information, because the actual dis- 
play screen region lies within the effective display area 
51 . However, the display part 5 having a larger display 
screen region enables the available-for-graphics area 
52 to display image information. In other words, the re- 
gion lying both outside the effective display area 61 and 
inside the available-for-graphics area 52 corresponds to 
the region outside the display screen and also corre- 
sponds to the region capable of displaying image infor- 
mation. 

[0022] A region lying both outside the available-for- 
graphics area 52 and inside the signal area 53 is the 
region which does not contribute to a display image (i. 
e., the region incapable of displaying image informa- 
tion). 

[0023] An image signal outside and above the signal 



area 53 shown in FIG. 2 is an example of a signal on a 
horizontal scanning line 54 extending across the signal 
area 53, the available-for-graphics area 62, and the ef- 
fective display area 51 along substantially the center line 

5 of these areas. The vertical direction (i.e., the Y direc- 
tion) indicates the intensity of brightness of each pixel. 
The image signal has each pixel signal 61 In a signal 
portion corresponding to the effective display area 51 . 
[0024] The image signal has each pixel signal 61 and 

10 a display adjustment signal 62 in a signal portion corre- 
sponding to the available-for-graphics area 52. In other 
words, the display adjustment signal 62 is superim- 
posed on a signal portion corresponding to the region 
tying both outside the effective display area 51 and in- 

15 side the available-for-graphics area 52. Since a region 
within the available-for-graphics area 52 corresponds to 
a signal portion for generating the image signal, the 
graphics part 1 can superimpose the display adjustment 
signal 62 on this signal portion. 

20 [0025] The image signal has neither each pixel signal 
61 nor the display adjustment signal 62 in a signal por- 
tion corresponding to the region lying both outside the 
available-for-graphics area 52 and inside the signal area 
53. This signal portion contains horizontal and vertical 

25 retrace Intervals. 

[0026] As shown in FIG. 2, each pixel signal 61 and 
the display adjustment signal 62 have so-called round- 
ing having a gradual rising edge. This results from, for 
example, the influence of the length of a transmission 

30 line (e.g., in the car navigation system, a cable between 
the graphics part 1 and the image processor 2 or be- 
tween the image processor 2 and the detection/decision 
part 3 may be as long as 1 to 6 m) . the influence of 
frequency characteristics of the transmission line, or the 

35 like. 

[0027] The image signal generated as mentioned 
above is outputted in conjunction with a synchronization 
signal to the Image processor 2. 
[0028] The image processor 2 performs known image 

40 (or picture) processing (such as brightness adjustment 
or contrast adjustment) on the image signal correspond- 
ing to each of the RGB color components from the 
graphics part 1 , and outputs the processed image signal 
to the detection/decision part 3. Moreover, the image 

45 processor 2 separates the synchronization signal from 
the graphics part 1 into a horizontal synchronization sig- 
nal and a vertical synchronization signal, and outputs 
the horizontal and vertical synchronization signals to the 
display controller4. The horizontal synchronization sig- 

50 nal is provided on a starting point of each of all horizontal 
scanning lines including the horizontal scanning line 54 
in the region lying both outside the available-for-graph- 
ics area 52 and inside the signal area 53. The vertical 
synchronization signal is provided on a top end point in 

55 the region lying both outside the available-for-graphics 
area 52 and inside the signal area 53. 
[0029] The detection/decision part 3 outputs the im- 
age signal f romthe Image processor 2 to the display con- 
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troller 4. Moreover, the detection/decision part 3 sam- 
ples a plurality of portions from the display adjustment 
signal 62 superimposed on the image signal in accord- 
ance with predetennined sampling timing, and detects 
optimum timing based on a plurality of sampled values, s 
There are various approaches for detecting the optimum 
timing, which will be described in detail later 
[0030] Upon receipt of input of the image signal, the 
horizontal and vertical synchronization signals, and var- 
ious types of timing control signals, the display controller 
4 outputs these input signals to the display part 5. More- 
over, the display controller 4 generates a clock signal 
for regulating the timing of display of each pixel of the 
image Infomriation, and outputs the clock signal to the 
display part 5 (in other words, the display screen of the 
display part 5 displays the image information under con- 
trol of the display controller 4). In this case, the timing 
(i.e., dot clock timing) adjustment part 4a of the display 
controller 4 adjusts the timing of display of each pixel of 
the image infomiation In accordance with the detected 
optimum timing (i.e., a dot clock phase adjustment sig- 
nal). 

[0031 ] The display part 6 includes a liquid crystal pan- 
el having the display screen, a horizontal driver, and a 
vertical driver The display part 5 provides display of 
each pixel of the image information contained in the im- 
age signal by using the horizontal and vertical drivers to 
drive, for example, pixels on each line on the liquid crys- 
tal panel in synchronization with the clock signal. 

EXAMPLES 

[0032] Next, the description is given in the sections 
"Example 1" to "Example 4" with reference to FIG. 3 and 
other drawings with regard to the operation of the dis- 
play control device SX1 having the above-mentioned 
configuration. FIG. 3 is a flowchart showing the flow of 
processing which the display control device SX1 per- 
forms (incidentally, the flowchart of FIG. 3 is common to 
the examples 1 to 4). 

Example 1 

[0033] Referring to FIG. 3, the graphics part 1 gener- 
ates image infomiation containing map Information un- 
der the command of the controller (not shown) of the car 
navigation system, for example, as an image signal cor- 
responding to each of RGB color components. The 
graphics part 1 also superimposes the display adjust- 
ment signal 62 (e.g., a square-wave signal) upon, for 
example, the R-component image signal on the horizon- 
tal scanning line 54 in the signal portion which corre- 
sponds to the region outside the display screen of the 
display part 5 and also corresponds to the region capa- 
ble of displaying the image information (step SI). The 
graphics part 1 outputs to the image processor 2 the im- 
age signal in conjunction with the synchronization sig- 
nal. 



[0034] Because of pre-recognition of the range (e.g., 
480 X 234 dots) of the effective display area 51 of the 
display part 5, the graphics part 1 can superimpose the 
display adjustment signal 62 on the image signal in the 
signal portion corresponding to the region lying both out- 
side the effective display area 51 and inside the availa- 
ble-for-graphics area 52. 

[0035] The display adjustment signal 62 is the signal 
in synchronization with a display pixel (i.e., a dot on the 
display screen). In the first embodiment, the display ad- 
justment signal 62 is the signal corresponding to one 
display pixel, because this embodiment provides an ex- 
ample in which one graphic dot is composed of one dis- 
play pixel. However, the display adjustment signal 62 is 
the signal corresponding to two display pixels, for ex- 
ample, when one graphic dot is composed of two display 
pixels. 

[0036] Upon receipt of the image signal and the syn- 
chronization signal from the graphics part 1 , the image 
processors then subjects the image signal to known im- 
age processing (step 82) , and outputs the processed 
image signal to the detection/decision part 3. Moreover, 
the image processor 2 separates the synchronization 
signal into the horizontal and vertical synchronization 
signals, and outputs the horizontal and vertical synchro- 
nization signals to the display controller 4. 
[0037] Upon receipt of the image signal from the im- 
age processor 2, the detection/decision part 3 then out- 
puts the input image signal to the display controller 4. 
Moreover, the detection/decision part 3 samples a plu- 
rality of portions from the display adj ustment signal 62 
superimposed on the image signal (step S3). The de- 
tection/decision part 3 detects as the optimum timing, 
the timing of the display adjustment signal 62 having, 
for example, the maximum value of a plurality of sam- 
pled values (step S4). The detection/decision part 3 out- 
puts to the display controller 4 the dot clock phase ad- 
justment signal indicative of the optimum timing. 
[0038] FIG. 4 is an illustration showing an example of 
the sampling timing and the optimum timing of the dis- 
play adjustment signal for use in the example 1. As 
shown in FIG. 4, the display adjustment signal 62 is 
sampled at sampling inten/als (or time) , each of which 
is shorter than the time interval of the display adjustment 
signals 62. In the example shown in FIG. 4, the timing 
of the display adjustment signal 62 having the maximum 
value "G" of five sampled values is detected for detec- 
tion of the optimum timing. The sampling interval may 
be fixed or appropriately settable by the operating part 
or the like. 

[0039] In this example, the detection/decision part 3 
is configured to detect the timing of the display adjust- 
ment signal having the maximum value of a plurality of 
sampled values for detection of the optimum timing, be- 
cause the display control device SX1 is configured so 
that the display adjustment signal 62 having the maxi- 
mum value is inputted to the detection/decision part 3. 
However, the detection/decision part 3 is configured to 
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detect the timing of the display adjustment signal 62 
having the minimum value of a plurality of sampled val- 
ues for detection of the optimum timing, for example, 
when the display control device SX1 is configured so 
that the display adjustment signal having the minimum 
value is inputted to the detection/decision part 3 (such 
as when the display control device SX1 is configured so 
that the display adjustment signal 62 is inverted by an 
inverter or the like or so that the inverted display adjust- 
ment signal 62 is superimposed). 
[0040] Upon receipt of the image signal, the horizontal 
and vertical synchronization signals, and other signals 
from the image processor 2 and the detection/decision 
part 3, the display controller 4 then outputs these Input 
signals to the display part 5. Moreover, the timing ad- 
justment part 4a adjusts the phase of the clock signal in 
accordance with the clock phase adjustment signal from 
the detection/decision part 3 in order to bring the clock 
signal into synchronization with the timing of each pixel 
signal 61 having the maximum value (step S5). The dis- 
play controller 4 outputs the clock signal to the display 
part 5. 

[0041] More specifically, the timing adjustment part 4a 
adjusts the phase of the clock signal so that the clock 
signal is eventually in synchronization with the timing of 
each pixel signal 61 having the maximum value (i.e., the 
timing of each pixel having optimum or more optimum 
brightness). 

[0042] In other words, the timing of the display adj ust- 
ment signal 62 having the maximum value can be used 
as reference timing to bring the clock signal into syn- 
chronization with the timing of each pixel signal 61 hav- 
ing the maximum value. The reason is as follows. Each 
pixel signal 61 and the display adjustment signal 62 
have the same or similar rounding, since the signals 61 
and 62 are affected in the same or similar manner by, 
for example, the length of the transmission line, the fre- 
quency characteristics of the transmission line, or the 
like. Moreover, the time interval between the rising edge 
of each pixel signal 61 and the timing of each pixel signal 
61 having the maximum amplitude can be necessarily 
about the same as the time interval between the rising 
edge of the display adjustment signal 62 and the timing 
of the display adj ustment signal 62 having the maximum 
amplitude, since the time interval between the pixel sig- 
nals 61 is the same as the time interval between the dis- 
play adjustment signals 62. 

[0043] Then , the display part 5 receives the clock sig- 
nal in synchronization with the timing of each pixel signal 
61 , of the image Information contained in the image sig- 
nal, having the maximum value. The horizontal and ver- 
tical drivers drive the pixels on each tine on the liquid 
crystal panel in synchronization with the clock signal. 
Thus, the display screen of the liquid crystal panel dis- 
plays clear image information. 

[0044] FlGs. 5A to 5D are conceptual illustrations 
showing an example of the relation between the phases 
of the image signal and the clock signal for use in the 



example 1 . FIG. 5A shows each pixel signal 61 and the 
display adjustment signal 62 which appear immediately 
after being outputted by the graphics part 1 . FIG. 5B 
shows each pixel signal 61 and the display adjustment 

5 signal 62 which appear immediately before being input- 
ted to the display controller 4. FIG. 5C shows the clock 
signal which appears before the timing adjustment part 
4a subjects the clock signal to phase adjustment. FIG. 
5D shov\rs the clock signal which appears afterthe timing 

10 adjustment part 4a subjects the clock signal to phase 
adjustment. 

[0045] Immediately after being outputted by the 
graphics part 1 , each pixel signal 61 and the display ad- 
justment signal 62 do not have rounding or the like, but 
15 have respective flat peaks, as shown in FIG. 5A. Imme- 
diately before being inputted to the display controller 4, 
each pixel signal 61 and the display adjustment signal 
62 are rounded and delayed under the influence of, for 
example, the length of the transmission line, the fre- 
20 quency characteristics of the transmission line, or the 
like, as shown in FIG. 5B. For example, provided that a 
center point T of the display adjustment signal 62 shown 
in FIG. 5A is a reference point of the display adjustment 
signal 62, a phase difference (or shift) between the ref- 
25 erence point T and a maximum point M of the display 
adjustment signal 62 shown in FIG. 58 is equivalent to 
AT. The same holds true for each pixel signal 61 . 
[0046] Before undergoing phase adjustment, the 
clock signal is in synchronization with the timing at which 
30 each pixel signal 61 appearing immediately after being 
outputted by the graphics part 1 has the maximum val- 
ue, but the clock signal is out of synchronization with the 
timing at which each pixel signal 61 appearing immedi- 
ately before being inputted to the display controller4 has 
35 the maximum value. After undergoing phase adjust- 
ment, the clock signal, however, is in synchronization 
with the timing at which eachpixel signal 61 appearing 
immediately before being inputted to the display control- 
ler 4 has the maximum value. In short, the unadjusted 
40 clock signal shown in FIG. 5C is changed as shown in 
FIG. 5D through adjustment which involves shifting the 
phase of the unadj usted clock signal by AT equivalent 
to the above-mentioned phase difference (i.e., the 
phase difference between the timing of the reference 
45 point of the display adjustment signal and the detected 
optimum timing). (In other words, the timing of display 
of each pixel is shifted for adjustment.) 
[0047] As described above, the display control device 
SX1 of the above-mentioned example 1 is configured to 
50 perform the processing which includes the steps of: 
sampling a plurality of portions from the display adjust- 
ment signal superinnposed on the image signal; detect- 
ing the timing of the display adjustment signal having 
the maximum or minimum value of a plurality of sampled 
55 values, thereby detecting the optimum timing; and ad- 
justing the timing of display of each pixel of the image 
information in accordance with the detected optimum 
timing. Therefore, the display control device SX1 ena- 
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bles a more exact match between the timing of output 
of the image signal from the graphic part 1 and the timing 
of display of each pixel on the display part, and thus en- 
ables displaying a clearer Image, even when the image 
signal Is delayed or Is rounded or otherwise distorted s 
under the influence of, for example, the length of the 
transmission line, the frequency characteristics of the 
transmission line, or the lilce. Moreover, the display con- 
trol device SX1 allows sampling a plurality of portions 
from a 1 -pulse display adjustment signal in synchroni- 
zation with a graphic dot, and thus enables detecting the 
optimum timing with greater precision. 

Example 2 

[0048] In the above-mentioned example 1 , the detec- 
tion/decision part 3 detects the optimum timing by de- 
tecting the timing of the display adj ustment signal hav- 
ing the maximum or minimum value of a plurality of sam- 
pled values. On the other hand, in the example 2, the 
detection/decision part 3 detects the optimum timing 
through the procedure which involves detecting the tim- 
ing of the display adjustment signal having the maxi- 
mum or minimum value, and detecting the timing at 
which the display adjustment signal is shifted in phase 
from the detected timing by a predefined amount of off- 
set. 

[0049] The timing at which the display adjustment sig- 
nal is shifted in phase by the amount of offset is used 
as the optimum timing as mentioned above, because it 
may be inappropriate to use as the optimum timing the 
detected timing of the display adjustment signal having 
the maximum or minimum value, for example in the fol- 
lowing situations: (i) where an image signal is delayed 
between the display controller 4 and the display part 5; 
(ii) where an image signal is delayed when the image 
signal is temporarily stored in a memory or the like in 
the display part 5 or the like; and (ill) where the display 
controller 4 has the amount of jitter near an adjacent 
pixel at the timing of the display adjustment signal hav- 
ing the maximum or minimum value. 
[0050] The amount of offset is set to the optimum val- 
ue according to the device in consideration of the above 
situations (i) to (iii) and others. The amount of offset may 
be set to a positive or negative value. 
[0051] The processing shown in FIGs. SAto 5D is ap- 
plied to processing which the display control device SX1 
of the example 2 performs. Since steps SI to S3 shown 
in FIG. 3 take place as in the case of the example 1 , the 
repeated description of these steps is omitted. 
[0052] In step S4 of the example 2, the detection/de- 
cision parts detects the optimum timing through the pro- 
cedure which involves detecting the timing of the display 
adjustment signal having the maximum (or minimum) 
value of a plurality of sampled values, and detecting the 
timing at which the display adjustment signal is shifted 
in phase from the detected timing by a predefined 
amount of offset. The detection/decision part 3 outputs 



to the display controller 4 the dot clock phase adjust- 
ment signal indicative of the detected optimum timing. 
[0053] FIG. 6 is an illustration showing an example of 
the sampling timing and the optimum timing of the dis- 
play adjustment signal for use in the example 2. In the 
example shown In FIG. 6, timirig GX shifted by the 
amount of offset from the timing of the display adjust- 
ment signal having the maximum value "G" of five sam- 
pled values is detected for detection of the optimum tim- 
ing. The sampling interval may be fixed or appropriately 
settable by the operating part or the like. 
[0054] In step 85, upon receipt of the image signal 
and the horizontal and vertical synchronization signals 
from the image processor 2 and the detection/decision 
part 3, the display controller 4 then outputs these input 
signals to the display part 5. Moreover, the timing ad- 
justment part 4a adjusts the phase of the clock signal in 
accordance with the clock phase adjustment signal from 
the detection/decision part 3 in order to bring the clock 
signal into synchronization with the timing shifted by the 
amount of offset from the timing of each pixel signal 61 
having the maximum value. The display controller 4 out- 
puts the clock signal to the display part 5. 
[0055] FIGs. 7A to 7D are conceptual illustrations 
showing an example of the relation between the phases 
of the image signal and the clock signal for use in the 
example 2. FIG. 7A shows the image signal (i.e., each 
pixel signal 61a and a display adjustment signal 62a) 
which appears Immediately after being outputted by the 
graphics part 1 , similarly to FIG. 5A. FIG. 7B shows the 
image signal (i.e., each pixel signal 61 a and the display 
adjustment signal 62a) which appears immediately be- 
fore being inputted to the display controller 4, similarly 
to FIG. 5B. FIG. 7C shows the clock signal which ap- 
pears before the timing adjustment part 4a subjects the 
clock signal to phase adjustment, similarly to FIG. 5C. 
FIG. 7D shows the clock signal whk:h appears after the 
timing adjustment part 4a subjects the clock signal to 
phase adjustment, similarly to FIG. 5D. 
[0056] In the example 2, as shown in FIGs. 7A to 7D, 
for example provided that the center point T of the dis- 
play adjustment signal 62a shown in FIG. 7A Is the ref- 
erence point of the display adjustment signal 62a, the 
unadjusted clock signal shown in FIG. 7C is changed 
into the clock signal shown in FIG. 7D through adjust- 
ment which involves shifting the phase of the unadjusted 
clock signal by a phase difference AT between the ref- 
erence point T and an optimum point MX shifted by the 
amount AT1 of offset from the maximum point M of the 
display adjustment signal 62a shown in FIG. 7B. 
[0057] As described above, the display control device 
SX1 of the above-mentioned example 2 is configured to 
perform the processing which includes the steps of: 
sampling a plurality of portions from the display adjust- 
ment signal superimposed on the image signal; detect- 
ing the timing of the display adjustment signal having 
the maximum or minimum value of a plurality of sampled 
values, and detecting the timing at which the display ad- 
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justment signal is shifted in phase fronn the detected tim- 
ing by a predefined amount of offset, thereby detecting 
the optimum timing; and adjusting the timing of display 
of each pixel of the image information in accordance 
with the detected optimum timing. Therefore, the dispfay 
controi device SX1 of the example 2 enables a more 
exact match between the timing of output of the image 
signal from the graphics part 1 and the timing of display 
of each pixel on the display part, and thus enables dis- 
playing a clearer image, even when the image signal is 
delayed or is rounded or otherwise distorted under the 
influence of, for example, the length of the transmission 
line, the frequency characteristics of the transmission 
line, or the like, and moreover when it Is not appropriate 
to use as the optimum timing the timing of the display 
adjustment signal having the maximum or minimum val- 
ue under the influence of the above situations (i) to (iii) 
and so on (e.g., when an adjacent pixel is subjected to 
display sampling using the clock signal when the display 
controller 4 has the amount of jitter as mentioned 
above). 

[0058] When the amou nt of offset is set to "0" , the con- 
figuration of the example 2 is equivalent to that of the 
above-mentioned example 1 . 

Example 3 

[0059] In the above-mentioned examples 1 and 2, the 
detection/decision part 3 samples a plurality of portions 
from a 1 -pulse signal which is the display adjustment 
signal, and detects the optimum timing based on a plu- 
rality of sampled values. On the other hand, in the ex- 
ample 3, the detection/decision part 3 samples respec- 
tive portions of a plurality of pulses from a multi-pulse 
signal, and detects the optimum timing based on a plu- 
rality of sampled values. 

[0060] The processing shown in FIG. 3 is applied to 
processing which the display control device SX1 of the 
example 3 performs. 

[0061] In step SI of the example 3, after generating 
image signals, the graphics part 1 superimposes the dis- 
play adjustment signal having a plurality of repetitions 
of HIGH and LOW levels upon, for example, the R-com- 
ponent image signal on the horizontal scanning line in 
the signal portion which corresponds to the region out- 
side the display screen of the display part 5 and also 
corresponds to the region capable of displaying the im- 
age information. The graphics part 1 outputs to the im- 
age processor 2 the image signal together with the syn- 
chronization signal. In other words, the graphics part 1 
superimposes upon the image signal a plurality of 
1 -pulse display adjustment signals in the examples 1 
and 2, (specifically, this signal is the signal in synchro- 
nization with a graphic dot, such as the signal corre- 
sponding to one display pixel, as in the case of the ex- 
amples 1 and 2). 

[0062] Then , step S2 takes place as in the case of the 
example 1 . In step S3, upon receipt of the image signal 



from the image processor 2, the detection/decision part 
3 outputs the input image signal to the display controller 
4, Moreover, the detection/decision part 3 samples at 
least one portion in each High-level interval from the dis- 

5 play adjustment signal superimposed on the image sig- 
nal. The detection/decision part 3 performs sampling, 
while shifting the sampling timing for each High-level in- 
terval by a predetermined interval (e.g., the sampling 
interval for use in the example 1 , shown in FIG. 4). 

10 [0063] For example, when the display adjustment sig- 
nal is inverted by an inverter or the like or the inverted 
display adjustment signal is superimposed, the detec- 
tion/decision part 3 samples at least one portion in each 
Low-level interval from the display adjustment signal. 

15 The detection/decision part 3 perfonns sampling, while 
shifting the sampling timing for each Low-level interval 
by a predetemnined interval. 

[0064] Then, in step S4, the detection/decision part 3 
operates as in the case of the example 1. Specifically, 

20 the detection/decision part 3 detects the optimum timing 
by detecting the timing of the display adjustment signal 
having the maximum or minimum value of a plurality of 
sampled values. The detection/decision part 3 outputs 
to the display controller 4 the dot dock phase adjust- 

25 ment signal indicative of the detected optimum timing. 
[0065] As in the case of the example 2, the detection/ 
decision part 3 may be configured to detect the optimum 
timing through the procedure which involves detecting 
the timing of the display adjustment signal having the 

30 maximum or minimum value of a plurality of sampled 
values, and detecting the timing at which the display adj 
ustment signal is shifted in phase fromthe detected tim- 
ing by a predefined amount of offset. 
[0066] FIG. 8 is an illustration showing an example of 

35 the sampling timing and the optimum timing of the dis- 
play adjustment signal for use in the example 3. In FIG. 
8, there is shown a display adjustment signal 62b having 
no rounding. However, the display adjustment signal 
62b actually has rounding in the same manner as the 

40 display adjustment signals shown in FIG. 4 and other 
drawings. 

[0067] In the example shown in FIG. 8, one portion, 
in each High-level interval, of the display adjustment sig- 
nal 62b having five repetitions of HIGH and LOW levels 

45 is used as a sampling point. The sampling timing for 
each High-level interval is shifted by a predetermined 
interval. For example, the sampling timing G for the 
fourth HIGH-level is detected for detection of the timing 
of the display adjustment signal 62b having the maxl- 

50 mum value. This approach Is equivalent to the approach 
of sampling a plurality of portions from a 1 -pulse display 
adj ustment signal for detection of the timing of the dis- 
play adjustment signal having the maximum value. 
[0068] Since step SB of the example 3 is the same as 

55 that of the example 1 or 2, the repeated description of 
this step is omitted. 

[0069] As another example, the display control device 
SX1 may. for example, be configured to execute steps 
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S1 and S3 in the following manner. In step S1 .after gen- 
erating image signals, the graphics part 1 superimposes 
apluralityof display adj ustment signals (for instance, the 
signal corresponding to one display pixel) upon, for ex- 
ample, the R-component image signal on a plurality of 
horizontal scanning lines in signal portions which corre- 
spond to one screen and also correspond to the region 
capable of displaying the image information. In step S3, 
the detection/decision part 3 samples at least one por- 
tion from each of the display adjustment signals super- 
imposed upon the signal portion on a plurality of hori- 
zontal scanning lines in the above-mentioned signal 
portions. The detection/decision part 3 may perfomn 
sampling, while shifting the sampling timing for each dis- 
play adj ustment signal by a predetemnined interval ATS. 
The predetemnined interval ATS may be fixed or appro- 
priately settable by the operating part or the like. 
[0070] FIG. 9 is an illustration showing another exam- 
ple of the sampling timing and the optimum timing of the 
display adjustment signal for use in the example 3. In 
FIG. 9, there is shown a display adjustment signal 62c 
having no rpunding. However, the display adjustment 
signal 62c actually has rounding in the same manner as 
the display adjustment signals shown In FIG. 4 and other 
drawings. 

[0071] In the example shown in FIG. 9, one portion of 
each of the display adjustment signals 62c superim- 
posed upon the signal portion on five horizontal scan- 
ning lines is used as a sampling point. The sampling tim- 
ing for each display adjustment signal is shifted by the 
predetermined Interval ATS. For example, the sampling 
timing G for the fourth display adjustment signal 62c is 
detected for detection of the timing of the display adjust- 
ment signal 62c having the maximum value. This ap- 
proach is equivalent to the approach of sampling a plu- 
rality of portions from a 1 -pulse display adjustment sig- 
nal for detection of the timing of the display adjustment 
signal having the maximum value. 
[0072] As described above, the display control device 
SX1 of the above-mentioned example 3 is configured to 
perfomn the processing which includes: the step of sam- 
pling at least one portion from each of a plurality of dis- 
play adjustment signals while shifting the sampling tim- 
ing (i.e., long-interval sampling) , rather than the sam- 
pling step of the examples 1 and 2, specifically the step 
of sampling a plurality of portions from the display ad- 
justment signal corresponding to one display pixel (i.e., 
short-interval sampling); the step of detecting the opti- 
mum timing based on a plurality of sampled values; and 
the step of adjusting the timing of display of each pixel 
of the image information in accordance with the detect- 
ed optimum timing. Therefore, the display control device 
SX1 of the example 3 enables a more exact match be- 
tween the timing of output of the image signal from the 
graphics part 1 and the timing of display of each pixel 
on the display part, and thus enables displaying a clear- 
er image. IVIoreover, the display control device SX1 of 
the example 3 can increase the sampling interval or in- 



crease the number of samplings, and can thus reduce 
load on the detection/decision part 3 or the like. 

Example 4 

5 

[0073] In the above-mentioned examples 1 to 3, the 
detection/decision part 3 first detects the timing of the 
display adjustment signal having the maximum or min- 
imum value of a plurality of sampled values, and then 

10 detects the optimum timing based on the detected tim- 
ing. On the other hand, in the example 4, the detection/ 
decision part 3 samples aportionf romthe display adjust- 
ment signal in each of High-level and Low-level Intervals 
having the same Interval, then calculates the differential 

15 value between the sampled value in the High-level in- 
terval and the sampled value in the Low-level interval, 
and then detects the optimum timing by detecting the 
timing of the display adjustment signal having the max- 
imum value of a plurality of calculated differential values. 

20 [0074] The processing shown in FIGs. 5A to 6D is ap- 
plied to processing which the display control device SX1 
of the example 4 performs. 

[0075] In step S1 of the example 4, after generating 
image signals, the graphics part 1 superimposes the dis- 

^5 play adjustment signal having a plurality of repetitions 
of HIGH and LOW levels having the same interval upon, 
for example, the R-component image signal on the hor- 
izontal scanning line in the signal portion which corre- 
sponds to the region outside the display screen of the 

30 display part 5 and also corresponds to the region capa- 
ble of displaying the image information. The graphics 
part 1 outputs to the image processor 2 the image signal 
together with the synchronization signal. In other words, 
the graphics part 1 superimposes a plurality of 1 -pulse 

35 display adjustment signals, one of which is used in the 
examples 1 and 2, (specitically, this signal is the signal 
in synchronization with a graphic dot, such as the signal 
con-esponding to one display pixel, as in the case of the 
examples 1 and 2). 

[0076] Then , step S2 takes place as in the case of the 
example 1 . In step S3, upon receipt of the image signal 
from the image processor 2. the detection/decision part 
3 outputs the input image signal to the display controller 
4. Moreover, the detection/decision part 3 performs 

45 sampling for each of apluralityof sets of HIGH and LOW 
levels (I.e., a set of HIGH and LOW levels) so as to sam- 
ple at least one portion in a High-level interval and a 
portion distant from the one portion by a given (or preset) 
interval in a Low-level interval following the High-level 

50 Interval. The detection/decision part 3 perfomns sam- 
pling, while shifting the sampling timing for each set by 
a predetemnined interval (e.g., the sampling interval for 
use in the example 1 , shown In FIG. 4). 
[0077] Then, in step S4, the detection/decision part 3 

55 calculates the differential value between the sampled 
values in the High-level and Low-level intervals of each 
set, and detects the optimum timing by detecting the tim- 
ing of the display adjustment signal having the maxi- 
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mum value (i.e., maximum contrast) of a plurality of cal- 
culated differential values. The detection/decision part 
3 outputs to the display controller 4 the dot clock phase 
adjustment signal indicative of the detected optimum 
timing. 

[0078] As in the case of the example 2, the detection/ 
decision part 3 may be configured to detect the optimum 
timing through the procedure which involves detecting 
the timing of the display adjustment signal having the 
maximum value of a plurality of calculated differential 
values, and detecting the timing at which thedisplayad- 
justment signal is shiftedinphase fromthedetected tim- 
ing by a predefined amount of offset. 
[0079] FIG. 10 Is an Illustration showing an example 
of the sampling timing and the optimum timing of the 
display adjustment signal for use in the example 4. fn 
FIG. 10, there is shown a display adjustment signal 62d 
having no rounding. However, the display adjustment 
signal 62d actually has rounding in the same manner as 
the display adjustment signals shown in FIG. 4 and other 
drawings. 

[0080] In the example shown in FIG. 10, one portion 
in each High-level interval and one portion distant from 
the one High-level portion by a given interval in each 
Low-level interval following each High-level interval, of 
the display adjustment signal 62d having five repetitions 
of HIGH and LOW levels having the same Interval, are 
used as sampling points. For example, as shown in FIG. 
10, when one portion in the High-level interval is a point 
shifted from the rising edge of a pulse by a predeter- 
mined interval, one portion in the Low-level interval fol- 
lowing the High-level interval is a point shifted from the 
dropping edge of the pulse by the same interval as the 
predetermined interval. In other words, in the example 
4, the portion distant by the given interval is the point 
distant by an interval which is equal to the interval be- 
tween the sampling point in the High-level interval and 
the dropping edge of the pulse plus the predetermined 
interval. The sampling timing for each set Is shifted by 
a predetermined interval. For example, the optimum tim- 
ing is the timing G, and the differential value between 
the sampled values in the High-level and Low-level in- 
tervals of the fourth set is the maximum value (i.e., max- 
imum contrast). 

[0081] Since step S5 of the example 4 is the same as 
that of the example 1 or 2, the repeated description of 
this step is omitted. 

[0082] As another example, the display control device 
SX1 may be configured to execute steps SI and S3 in 
the following manner. In step 81 , after generating image 
signals, the graphics part 1 superimposes the display 
adjustment signals each having an inverted signal-level 
on each horizontal scanning line (for instance, the signal 
corresponding to one display pixel) upon, for example, 
the R-component image signal on a plurality of horizon- 
tal scanning lines in the signal portions which corre- 
spond to one screen and also correspond to the region 
capable of displaying the Image information. In step S3, 



the detection/decision part 3 samples at least one por- 
tion from the display adjustment signal on one horizontal 
scanning line and also samples a portion from the dis- 
play adjustment signal on a next horizontal scanning line 

5 at the same timing. The detection/decision part 3 per- 
fonms sampling, while shifting the sampling timing for 
two horizontal scanning lines each by a predetenmined 
interval ATS. The detection/decision part 3 performs a 
plurality of sequential calculations of the sampled value 

10 of the display adjustment signal and the differential val- 
ue between the display adjustment signal and a next dis- 
play adjustment signal having an inverted signal-level. 
The detection/decision part 3 detects the optimum tim- 
ing by detecting the timing of the display adjustment slg- 

15 nal having the maximum value (i.e., maximum contrast) 
of a plurality of calculated differential values. The sam- 
pling interval ATS may be fixed or appropriately settable 
by the operating part or the like. 

[0083] FIG. 11 is an illustration showing another ex- 
20 ample of the sampling timing and the optimum timing of 
the display adjustment signal for use in the example 4. 
In FIG. 11, there is shown a display adjustment signal 
62e having no rounding. However, the display adjust- 
ment signal 62e actually has rounding in the same man- 
25 ner as the display adjustment signals shown in FIG. 4 
and other drawings. 

[0084] In the example shown in FIG. 11 , one portion 
of each of the display adjustment signals 62e superim- 
posed upon the signal portion on ten horizontal scan- 

30 ning lines In the above-mentioned signal portions Is 
used as a sampling point The sampling timing for every 
two horizontal scanning lines is shifted by the predeter- 
mined interval ATS. For example, the optimum timing is 
the timing G, and the differential value between the sam- 

35 pled values of the High-level and Low-level display adj 
ustment signals 62e of the fourth set is the maximum 
value (i.e., maximum contrast). 

[0085] As described above, the display control device 
SX1 of the above-mentioned example 4 is configured to 

40 perform the processing which includes: the step of de- 
tecting the optimum timing based on the timing of the 
maximum differential value between the sampled val- 
ues, rather than the step of detecting the optimum timing 
based on the timing of the maximum or minimum value 

45 of the sampled values of the display adjustment signal; 
and the step of adjusting the timing of display of each 
pixel of the image information in accordance with the 
detected optimum timing. Therefore, the display control 
device SX1 of the example 4 enables a match between 

50 the timing of the maximum contrast and the timing of 
display of each pixel and thus enables displaying a 
clearer image, in particular for example when the signal- 
level of the image signal is inverted for each horizontal 
scanning line. 

55 [0086] In the above-mentioned first embodiment, the 
display adjustment signal is not particularly limited to a 
square wave but may be in the form of, for example, a 
sine wave or a triangular wave. In this case, the phase 
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of the clock signal is shifted by a phase difference be- 
tween the reference point (e.g., the center point) of the 
sine or triangular wave and the maximum point of the 
sine or triangular wave, as in the case of the square 
wave. 5 

Second embodiment 

[0087] Next, the description is given with reference to 
FIG. 12 and other drawings with regard to the configu- 
ration and functions of a display control device included 
in a car navigation system according to a second em- 
bodiment of the invention. Incidentally, the same refer- 
ence numerals designate the same structural compo- 
nents of the display control device of the second em- 
bodiment as the structural components of the display 
control device of the first embodiment, and the repeated 
description of the same structural components Is thus 
omitted. 

[0088] FIG. 12 is a schematic block diagram showing 
an example of the display control devbe included in the 
car navigation system according to the second embod- 
iment. 

[0089] As shown in FIG. 12, a display control device 
SX2 according to the second embodiment includes the 
graphics part 1 , the image (or picture) processor 2, the 
detection/decision part 3, the display controller 4, and 
the display part 5, as in the case of the display control 
device SX1 according to the first embodiment. However, 
the display control device SX2 is different from the dis- 
play control device SX1 of the first embodiment in that 
the graphics part 1 has a timing adjustment part 1a 
which acts as an example of the adjusting device. 
[0090] The graphics part 1 perfonns the same func- 
tion as the graphics part 1 of the first embodiment. Fur- 
thermore, the timing adjustment part 1 a adjusts the tim- 
ing of output of an image signal having a display adjust- 
ment signal superimposed thereon in accordance with 
optimum timing detected by the detection/decision part 
3. The timing adjustment part la adjusts the timing of 
output of the image signal in order to adjust the timing 
of display of each pixel of image information, as in the 
case of the timing adjustment part 4a of the first embod- 
iment which adjusts the phase of the clock signal in or- 
der to adjust the timing of display of each pixel. 
[0091] The functions of the image processor 2 and the 
detection/decision part 3 of the second embodiment are 
the same as those of the first embodiment. Specifically, 
the detection/decision part 3 detects the optimum timing 
based on a plurality of sampled values, employing any 
of the approaches discussed by referring to the exam- 
ples 1 to 4 of the first embodiment. 
[0092] The display controller 4 of the second embod- 
iment does not perform adj ustment of the phase of the 
clock signal, although the functions of the display con- 
troller 4 and the display part 5 of the second embodiment 
are substantially the same as those of the first embodi- 
ment. 



[0093] Next, the description is given in the sections 
"Example 5" to "Example 8" with reference to FIG. 13 
and other drawings with regard to the operation of the 
display control device SX2 havingtheabove-mentioned- 
configuration. FIG. 1 3 is a flowchart showing the flow of 
processing which the display control device SX2 per- 
forms (incidentally, the flowchart of FIG. 13 Is common 
to the examples 5 to 8). Incidentally, minimized is the 
description of the same operation of the display control 
device SX2 of the second embodiment as the operation 
of the display control device SX1 of the first embodi- 
ment. 

Example 5 

[0094] The example 5 corresponds to the example 1 
of the first embodiment. 

[0095] Steps S11 to S13 of the example 5 shown In 
FIG. 13 are the same as steps S1 to S3 of the example 
1 shown in FIG. 3, respectively. 

[0096] In step S14 of the example 5, the detection/ 
decision part 3 detects the optimum timing by detecting 
the timing of the display adjustment signal having the 
maximum or minimum value of a plurality of sampled 
values (as in the case of the first embodiment). The de- 
tection/decision part 3 outputs the dot clock phase adj 
ustment signal indicative of the detected optimum timing 
to the graphics part 1 rather than the display controller 4. 
[0097] Upon receipt of the image signal, the horizontal 
and vertical synchronization signals, and other signals 
from the Image processor 2 and the detection/decision 
part 3, the display controller 4 outputs these Input sig- 
nals to the display part 5. 

[0098] In step S1 5 of the example 5, the timing adjust- 
ment part 1 a of the graphics part 1 then adjusts the tim- 
ing of output of the image signal in accordance with the 
clock phase adjustment signal from the detection/deci- 
sion part 3 in orderto bring the timing of each pixel signal 
having the maximum value into synchronization with the 
clock signal. 

[0099] For example, this adjustment is such that the 
phase of the image signal shown in FIG. 5Ais shifted- 
bythephasedifference AT between the timing of the ref- 
erence point of the display adjustment signal 62 and the 
detected optimum timing, that is, such that the timing of 
output of the image signal is output eariierthan the un- 
adjusted timing by the phase difference AT. 
[0100] In the example 5, the clock signal shown in 
FIG. 5D is not used. 

[0101] Then, the display part 5 receives the clock sig- 
nal (e. g. , the clock signal shown in FIG. 5C) in synchro- 
nization with the timing of each pixel signal 61, of the 
Image Infomnation contained in the image signal, having 
the maximum value. The horizontal and vertical drivers 
drive the pixels on each line on the liquid crystal panel 
in synchronization with the clock signal. Thus, the dis- 
play screen of the liquid crystal panel displays clear im- 
age infomnation. 
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[0102] As described above, the display control device 
SX2 of the above-mentioned example 5 is configured to 
perform the processing which Includes the steps of: 
sampling a plurality of portions from the display adjust- 
ment signal superimposed on the image signal; detect- 
ing the timing of the display adjustment signal having 
the maximum or minimum value of a plurality of sampled 
values, thereby detecting the optimum timing; and ad- 
justing the timing of output of the image signal in accord- 
ance with the detected optimum timing, thereby adjust- 
ing the timing of display of each pixel of the image infor- 
mation. Therefore, as in the case of the display control 
device SX1 of the example 1 . the display control device 
SX2 of the example 5 enables a more exact match be- 
tween the timing of output of the image signal from the 
graphics part 1 and the timing of display of each pixel 
on the display part and thus enables displaying a clearer 
image, even when the image signal is delayed or is 
rounded or otherwise distorted under the influence of, 
for example, the length of the transmission line, the fre- 
quency characteristics of the transmission line, or the 
like. Moreover, the display control device SX2 of the ex- 
ample 5 allows sampling a plurality of portions from a 
1 -pulse display adjustment signal in synchronization 
with a graphic dot, and thus enables detecting the opti- 
mum timing with greater precision. 

Example 6 

[0103] The example 6 con-esponds to the example 2 
of the first embodiment. Specifically, in the example 6, 
the detection/decision part 3 detects the optimum timing 
through the procedure which involves detecting the tim- 
ing of the display adjustment signal having the maxi- 
mum or minimum value, and detecting the timing at 
which the display adjustment signal is shifted in phase 
from the detected timing by a predefined amount of off- 
set. 

[0104] The processing shown in FIG. 13 is applied to 
processing which the display control device SX2 of the 
example 6 performs. Steps S11 to SIS shown in FIG. 
13 take place as in the case of the example 5. 
[0105] In step S14 of the example 6, the detection/ 
decision part 3 detects the optimum timing through the 
procedure which involves detecting the timing of the dis- 
play adjustment signal having the maximum (or mini- 
mum) value of a plurality of sampled values, and detect- 
ing the timing at which the display adjustment signal is 
shifted in phase from the detected timing by a prede- 
fined amount of offset. The detection/decision part 3 out- 
puts to the graphics part 1 the dot clock phase adjust- 
ment signal indicative of the detected optimum timing, 
as in the case of the example 5. 
[0106] Step S1 5 of the example 6 is the same as that 
of the example 5. 

[0107] As described above, the display control device 
SX2 of the above-mentioned example 6 is configured to 
perform the processing which Includes the steps of: 



sampling a plurality of portions from the display adjust- 
ment signal superimposed on the image signal; detect- 
ing the timing of the display adjustment signal having 
the maximum or minimum value of a plurality of sampled 

s values, and detecting the timing at which the display ad- 
justment signal is shifted in phase from the detected tim- 
ing by a predefined amount of offset, thereby detecting 
the optimum timing; and adjusting the timing of output 
of the image signal in accordance with the detected op- 

10 timum timing, thereby adj usting the timing of display of 
each pixel of the image infonnation. Therefore, the dis- 
play control device SX2 of the example 6 enables a 
more exact match between the timing of output of the 
image signal from the graphics part 1 and the timing of 

IS display of each pixel on the display part, and thus ena- 
bles displaying a clearer image, even when the image 
signal is delayed or is rounded or otherwise distorted 
under the influence of, for example, the length of the 
transmission line, the frequency characteristics of the 

20 transmission line, or the like, and moreover when it is 
not appropriate to use as the optimum timing the timing 
of the display adjustment signal having the maximum or 
minimum value under the influence of the above situa- 
tions (i) to (ill) in the example 2, and so on. 

25 

Example 7 

[01 08] The example 7 corresponds to the example 3 
of the first embodiment. Specifically, in the example 7, 
30 the detection/decision part 3 samples respective por- 
tions of a plurality of pulses from a multi-pulse signal, 
and detects the optimum timing based on a plurality of 
sampled values. 

[0109] The processing shown in FIG. 13 is applied to 
35 processing which the display control device SX2 of the 
example 7 performs. Steps S11 to SI 3 of the example 
7 shown in FIG. 13 are the same as steps SI to S3 of 
the example 3 shown in FIG. 3, respectively. 
[0110] Steps SI 4 and S15 of the example 7 are the 
40 same as those of the example 5. 

[01 1 1 ] As described above, the display control device 
SX2 of the above-mentioned example 7 is configured to 
perform the processing which Includes: the step of sam- 
pling at least one portion from each of a plurality of dis- 
45 play adjustment signals while shifting the sampling tim- 
ing, rather than the sampling step of the examples 5 and 
6, specifically the step of sampling a plurality of portions 
from the display adjustment signal corresponding to one 
display pixel; the step of detecting the optimum timing 
50 based on a plurality of sampled values; and the step of 
adjusting the timing of output of the image signal in ac- 
cordance with the detected optimum timing, thereby ad- 
justing the timing of display of each pixel of the image 
information. Therefore, as in the case of the display con- 
ss trol device SX1 of the example 3, the display control de- 
vice SX2 of the example 7 enables a more exact match 
between the timing of output of the image signal from 
the graphics part 1 and the timing of display of each pixel 
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for the display part, and thus enables displaying a clear- 
er image. Moreover, the display control device SX2 of 
the example 7 can increase the sampling interval or in- 
crease the number of samplings, and can thus reduce 
load on the detection/decision part 3 or the like. s 

Example 8 

[0112] The example 8 corresponds to the example 4 
of the first embodiment. Specifically, in the example 8, io 
the detection/decision part 3 samples a portion from the 
display adjustment signal in each of High-level and Low- 
level Intervals having the same interval, then calculates 
the differential value between the sampled value in the 
High-level interval and the sampled value in the Low- '5 
level interval, and then detects the optimum timing by 
detecting the timing of the display adjustment signal 
having the maximum value of a plurality of calculated 
differential values. 

[0113] The processing shown In FIG. 13 is applied to 20 
processing which the display control device SX2 of the 
example 8 performs. Steps S11 to S13 of the example 
8 shown in FIG. 13 are the same as steps 81 to S3 of 
the example 4 shown in FIG. 3, respectively. 
[0114] In step S14 of the example 8, the detection/ 25 
decision part 3 calculates the differential value between 
the sampled values in the High-level and Low-level in- 
tervals of each set, and detects the optimum timing by 
detecting the timing of the display adjustment signal 
having the maximum value (i.e., maximum contrast) of 30 
a plurality of calculated differential values. The detec- 
tion/decision part 3 outputs to the graphics part 1 the 
dot clock phase adjustment signal indicative of the de- 
tected optimum timing. 

[01 15] As in the case of the example 4, the detection/ 35 
decision part 3 may be configured to detect the optimum 
timing through the procedure which involves detecting 
the timing of the display adjustment signal having the 
maximum value of a plurality of calculated differential 
values, and detecting the timing at which the display ad- 40 
justment signal is shifted inphase from the detected tim- 
ing by a predefined amount of offset. 
[01 1 6] Step S 1 5 of the example 8 is the same as that 
of the example 5. 

[01 17] As described above, the display control device 45 
SX2 of the above-mentioned example 8 is configured to 
perform the processing which includes: the step of de- 
tecting the optimum timing based on the timing of the 
maximum differential value between the sampled val- 
ues, rather than the step of detecting the optimum timing 50 
based on the timing of the maximum or minimum value 
of the sampled values of the display adjustment signal; 
and the step of adjusting the timing of output of the im- 
age signal in accordance with the detected optimum tim- 
ing, thereby adj usting the timing of display of each pixel 55 
of the image information. Therefore, as in the case of 
the display control device SX1 of the example 4, the dis- 
play control device SX2 of the example 8 enables a 



match between the timing of the maximum contrast and 
the timing of display of each pixel and thus enables dis- 
playing a clearer image, inparticular, for example, when 
the signal-level of the image signal is inverted on each 
horizontal scanning line. 

[0118] In the above-mentioned second embodiment, 
the display adjustment signal is not particularly limited 
to a square wave but may be in the form of, for example, 
a sine wave or a triangular wave. 
[0119] In the above-mentioned second embodiment, 
the graphics part 1 Is configured to adjust the timing of 
output of the image signal. However, a part other than 
the graphics part 1 , such as the image processor 2, the 
detection/decision part 3, or the display controller 4, may 
be configured to adjust the timing of output of the image 
signal so as to bring the clock signal into synchronization 
with the timing of each pixel signal having the maximum 
value. 

[0120] In the above-mentioned first and second em- 
bodiments, the graphics part 1, the image processor 2, 
the detection/decision part 3, and the display controller 
4 may be implemented in hardware such as comparator 
and logic circuits, both of which comprise semiconduc- 
tor devices or the like. Alternatively, these structural 
parts may be wholly or partially implemented in software 
which is executable by a CPU (central processing unit). 
Specifically, a display control program may be executed 
by the CPU so as to function as the display adjustment 
signal superimposing devk:e, the detecting device and 
the adjusting device of the invention. In this instance, 
the display control program may be prestored In a stor- 
age or memory such as a ROM (read only memory), may 
be downloaded from a server connected to a network 
such as the Internet into the storage or memory, or may 
be read from a flexible disk or the like into the storage 
or memory. 

[0121] In the above-mentioned first and second em- 
bodiments, the display adjustment signal may be super- 
imposed on an Image signal corresponding to any of 
RGB color components. Alternatively, the display ad- 
justment signal may be superimposed on a signal other 
than an image signal corresponding to any of RGB color 
components, such as a luminance signal (in the case of 
YUV), a synchronization signal (e.g., a vertical or hori- 
zontal synchronization signal), or a composite signal. 
[0122] In the above-mentioned first and second em- 
bodiments, the display adjustment signal is superim- 
posed upon the image signal on the horizontal scanning 
line in the signal portion which corresponds to the region 
outside the display screen of the display part 5 and also 
corresponds to the region capable of displaying the im- 
age information. However, the display adjustment signal 
Is not limited to being superimposed in this manner. For 
example, the display adjustment signal may be super- 
imposed on a signal portion on a horizontal scanning 
line within a vertical retrace interval corresponding to the 
region which lies both outside the available-for-graphics 
area 52 and inside the signal area 53 and does not con- 
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tribute to a display image. 

[0123] In the above-mentioned first and second em- 
bodiments, the display adjustment signal is superim- 
posed on one signal (e.g., an R-component image sig- 
nal). However, the display adjustment signal is not lim- s 
ited to being superimposed in this manner. The display 
adjustment signals may be superimposed on a plurality 
of signals. For example, the display control device may 
be configured to perform processing which includes the 
steps of: superimposing the display adjustment signals io 
on all of image signals corresponding to RGB color com- 
ponents in synchronization with the image signals; sam- 
pling a plurality of portions from each of the display ad- 
justment signals; detecting the timing of the display ad- 
justment signal having the maximum value of all sam- 
pled values (e.g., the timing at which the display adjust- 
ment signal corresponding to the G component, of the 
display adjustment signals corresponding to the RGB 
color components, has the maximum value); and adjust- 
ing the timing of display of each pixel of the image infor- 20 
mation in accordance with the detected timing, as men- 
tioned above. 

[0124] For example, the display control device may 
be configured to perform processing which includes the 
steps of: superimposing the display adjustment signals 25 
on all of Image signals corresponding to RGB color com- 
ponents in synchronization with the image signals; sam- 
pling a plurality of portions from each of the display ad- 
justment signals; detecting the maximum value of a plu- 
rality of sampled values for each image signal, and de- 30 
tecting the timing of the mean of the detected values; 
and adjusting the timing of display of each pixel of the 
image information in accordance with the detected tim- 
ing, as mentioned above. With this configuration, the 
display control device can achieve a match between the 35 
display timings of Images of the image signals, for ex- 
ample, even when the pixel signals of the image signals 
have different maximum values, because the frequency 
characteristics vary among the image signals. 
[0125] For example, the display control device may 
be configured to perform processing which includes the 
steps of: superimposing the display adjustment signals 
on all of image signals corresponding to RGB color com- 
ponents in synchronization with the image signals; sam- 
pling a plurality of portions from each of the display ad- 45 
justment signals; detecting the timing of the display adj 
ustment signal having the maximum value for each im- 
age signal; and adjusting the timing of display of each 
pixel of each image signal in accordance with the timing 
detected for each image signal. In other words, the dis- so 
play control device adjusts the phase of the image signal 
corresponding to each color component in accordance 
with one of the timings detected forthe respective Image 
signals so that the timings at which the display adjust- 
ment signals superimposed on the image signals have 55 
the maximum value match one another. With this con- 
figuration, the display control device can match the tim- 
ings of the pixel signals having the maximum value, and 



thus enables displaying still clearer image information, 
for example, even when the timings at which the pixel 
signals of the image signals have the maximum value 
are somewhat different, because the frequency charac- 
teristics vary among the image signals. 
[0126] In the above-mentioned first and second em- 
bodiments, the detection/decision part 3 is located be- 
tween the image processor 2 and the display controller 
4. For example, the detection/decision part 3, however, 
may be located between the display controller 4 and the 
display part 5. 

[0127] In the above-mentioned first and second em- 
bodiments, the invention is applied to the car navigation 
system. However, the invention is not limited to the car 
navigation system but maybe applied to a display device 
which displays a TV (television) picture, a video picture, 
or the like. To process an analog signal such as a TV 
picture, the display adjustment signal is superimposed 
upon the image signal on the horizontal scanning line in 
the signal portion which corresponds to the region out- 
side the display screen of the display part 5 and also 
corresponds to the region capable of displaying the im- 
age information, as mentioned above. 
[0128] In the above-mentioned first and second em- 
bodiments, the liquid crystal panel is applied to the dis- 
play screen as an example. However, the display screen 
is not limited to the liquid crystal panel. Any panel may 
be applied to the display screen, provided that it has a 
display screen capable of pixel display, such as a plas- 
ma display (PDP) , an organic EL (electroluminescent) 
panel, or a CRT (cathode ray tube). 
[0129] It should be understood that various alterna- 
tives to the embodiment of the invention described here- 
in may be employed in practicing the invention. Thus, it 
is intended that the following claims define the scope of 
the invention andthatmethods and structures within the 
scope of these claims and their equivalents be covered 
thereby. 



Claims 

1. A display control device which permits a display 
screen to display predetermined image information, 
characterized in that it comprises: 

a detecting device (3) which receives a signal 
having a display adjustment signal superim- 
posed thereon, samples a plurality of portions 
from the display adjustment signals, and de- 
tects optimum timing based on a plurality of 
sampled values, the display adjustment signal 
being used for adjusting the timing of display of 
each pixel of the image information, the display 
adjustment signal being superimposed upon 
the signal on a horizontal scanning line in a sig- 
nal portion corresponding to a region outside 
the display screen; and 
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an adjusting device (4) which adjusts the timing 
of display of each pixel in accordance with the 
detected optimum timing. 

2. The display control device according to claim 1 fur- 5 
ther comprising a display adjustment signal super- 
imposing device (1) which superimposes the dis- 
play adjustment signal upon the signal on the hori- 
zontal scanning line in the signal portion corre- 
sponding to the region outside the display screen, 
and outputs the signal. 

3. The display control device according to claim 2, 
wherein the adjusting device (4) adjusts the timing 
of output of the signal having the display adjustment 
signal superimposed thereon. 

4. The display control device according to claim 1 , 
wherein the adjusting device (4) adjusts the phase 
of a clock signal for regulating the timing of display 
of each pixel. 

5. The display control device according to claim 1, 
wherein the adjusting device (4) adjusts the phase 
of the clock signal by shifting the phase of the clock 
signal by a phase difference between the timing of 
a reference point of the display adjustnient signal 
and the detected optimum timing. 

6. The display control devfce according to claim 1, 
wherein the adjusting device (4) adjusts the timing 
of display of each pixel by shifting the timing of dis- 
play of each pixel by a phase difference between 
the timing of the reference point of the display ad- 
justment signal and the detected optimum timing. 

7. The display control device according to any one of 
claims 1 to 6, wherein the detecting device (3) sam- 
ples a plurality of portions from the display adjust- 
ment signals, and detects the optimum timing by de- 
tecting the timing of the display adjustment signal 
having the maximum or minimum value of a plurality 
of sampled values. 

8. The display control device according to any one of 
claims 1 to 6, wherein the detecting device (3) sam- 
ples a plurality of portions from the display adjust- 
ment signals, detects the timing of the display ad- 
justment signal having the maximum or minimum 
value of a plurality of sampled values, and detects 
the timing at which the display adjustment signal is 
shifted in phase from the detected timing by a pre- 
defined amount of offset, thereby detecting the op- 
timum timing. 

9. The display control device according to any one of 
claims 7 to 8, wherein the display adjustment signal 
has a plurality of repetitions of HIGH and LOW -lev- 



els, and 

the detecting device (3) samples at least one 
portion in each High-level interval from the display 
adjustment signal, and the detecting device per- 
forms sampling, while shifting the sampling timing 
for each High-level interval by a predetermined in- 
terval. 

10. The display control device according to any one of 
claims 7 to 8, wherein the display adjustment signal 
has a plurality of repetitions of HIGH and LOW lev- 
els, and 

the detecting device (3) samples at least one 
portion In each Low-level interval from the display 
adjustment signal, and the detecting device per- 
forms sampling, while shifting the sampling timing 
for each Low-level interval by a predetermined in- 
terval. 

11. The display control device according to any one of 
claims 7 to 8, wherein the plurality of display adjust- 
ment signals are superimposed upon the signal por- 
tion on a plurality of horizontal scanning lines cor- 
responding to one screen, and 

the detecting device (3) samples at least one 
portion from each of the display adjustment signals, 
and the detecting device performs sampling, while 
shifting the sampling timing for each display adjust- 
ment signal by a predetermined interval. 

12. The display control device according to any one of 
claims 7 to 8. wherein the display adjustment sig- 
nals are superimposed on all of image signals cor- 
responding to color components contained in the 
image information in synchronization with the im- 
age signals, and 

the detecting device (3) samples a plurality of 
portions from each of the display adjustment signals 
superimposed on the image signals, and detects 
the optimum timing by detecting the timing of the 
display adjustment signal having the maximum or 
minimum value for each image signal. 

13. The display control device according to any one of 
claims 7 to 8, wherein the display adjustment sig- 
nals are superimposed on all of image signals cor- 
responding to color components contained in the 
Image infomiation In synchronization with the Im- 
age signals, and 

the detecting device (3) samples a plurality of 
portions from each of the display adjustment signals 
superimposed on the image signals, and detects 
the optimum timing by detecting the timing of the 
display adjustment signal having the maximum or 
minimum value of a plurality of sampled values for 
all the image signals. 

14. The display control device according to any one of 
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claims 7 to 8, wherein the display adjustment sig- 
nals are superimposed on all of image signals cor- 
responding to color components contained in the 
image information in synchronization with the im- 
age signals, and 

the detecting device (3) samples a plurality of 
portions from each of the display adjustment signals 
superimposed on the image signals, detects the 
maximum or minimum value of a plurality of sam- 
pled values for each image signal, and detects the 
timing of the mean of the detected values, thereby 
detecting the optimum timing. 

15. The display control device according to any one of 
claims 1 to 6, wherein the display adjustment signal 
has a plurality of repetitions of HIGH and LOW lev- 
els having the same interval, 

the detecting device (3) performs sampling on 
each set of HIGH and LOW levels so as to sample 
at least one portion in the High-level interval and a 
portion distant from the one portion by a given in- 
■ terval In the Low-level interval following the High- 
level interval, and the detecting device perfonns 
sampling, while shifting the sampling timing for 
each set by a predetermined interval, and 

the detecting device (3) calculates the differ- 
ential value between the sampled values in the 
High-level and Low-level intervals of each set, and 
detects the optimum timing by detecting the timing 
of the display adjustment signal having the maxi- 
mum value of a plurality of calculated differential 
values. 

16. The display control device according to any one of 
claims 1 to 6, wherein the display adjustment sig- 
nals, each of which has an inverted signal-level on 
each horizontal scanning line, are superimposed 
upon the signal portion on a plurality of horizontal 
scanning lines corresponding to one screen, 

the detecting device (3) samples at least one 
portion from the display adjustment signal on one 
horizontal scanning line and also samples a portion 
from the display adjustment signal on a next hori- 
zontal scanning line at the same timing, and the de- 
tecting device performs sampling, while shifting the 
sampling timing for every two horizontal scanning 
lines by a predetermined interval, and 

the detecting device (3) performs a plurality of 
calculations of the sampled value of the display adj 
ustment signal and the differential value between 
the display adjustment signal and the next display 
adjustment signal having an inverted signal-level, 
and detects the optimum timing by detecting the 
timing of the display adjustment signal having the 
maximum value of a plurality of calculated differen- 
tial values. 

17. The display control device according to any one of 



claims 1 to 1 6, wherein the display adjustment sig- 
nal is superimposed upon the image signal on the 
horizontal scanning line in the signal portion which 
corresponds to the region outside the display 
5 screen and also corresponds to the region capable 

of displaying the image information. 

18. The display control device according to any one of 
claims 1 to 1 7, wherein the display adjustment sig- 
10 nal is to be superimposed on at least one of an im- 
age signal corresponding to any of color compo- 
nents contained in the image information, a lumi- 
nance signal, and a synchronization signal. 

IS 19. The display control device according to any one of 
claims 1 to 18, wherein the display adjustment sig- 
nal comprises at least one of a square wave, a sine 
wave, and a triangular wave. 

20 20. The display control device according to any one of 
claims 1 to 18, wherein the display adjustment sig- 
nal Is in synchronization with a graphic dot. 

21. The display control device according to any one of 
25 claims 1 to 1 8, wherein the display adjustment sig- 
nal corresponds to one display pixel. 

22. A display control method which permits a display 
screen to display predetermined image information, 

so characterized In that It comprises: 

a detecting process which receives a signal 
having a display adjustment signal superim- 
posed thereon, samples at least one portion 
35 from the display adjustment signal, and detects 

optimum timing based on the sampled value, 
the display adj ustment signal being used for 
adjusting the timing of display of each pixel of 
the Image information, the display adjustment 
40 signal being superimposed upon the signal on 

a horizontal scanning line in a signal portion 
corresponding to a region outside the display 
screen; and 

an adjusting process which adjusts the timing 
45 of display of each pixel in accordance with the 

detected optimum timing. 

23. A recording medium which records a computer- 
readable display control program which runs on a 

50 computer which permits a display screen to display 
predetermined image information, 

the display control program which penmits the 
computer to execute a display control method, 
characterized in that the display control method 

55 comprises: 

a detecting process which receives a signal 
having a display adjustment signal superim- 
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posed thereon, samples at least one portion 
from the display adjustment signal, and detects 
optimum timing based on the sampled value, 
the display adj ustment signal being used for 
adjusting the timing of display of each pixel of s 
the image information, the display adjustment 
signal being superimposed upon the signal on 
a horizontal scanning line in a signal portion 
corresponding to a region outside the display 
screen; and 10 
an adjusting process which adjusts the timing 
of display of each pixel in accordance with the 
detected optimum timing. 
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FIG. 9 
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